Background: Glucocorticoid treatment alters immunoregulatory defense mechanisms and may therefore favor the development of different pulmonary infections. Methods: The etiology, prognostic factors, and associated inflammatory response of pulmonary infiltrates in 33 patients receiving long-term glucocorticoid treatment (LTGCT) were prospectively evaluated. Results: Aspergillus spp (n ‫؍‬ 9, 31%) and Staphylococcus spp (n ‫؍‬ 6, 21%) were the most common causative agents. Using different diagnostic techniques, we obtained a specific diagnosis in 28 of 33 episodes (85%) of pulmonary infiltrates. Bronchoscopic techniques provided the diagnosis in 64% of the cases. Crude mortality was 45%. Variables associated with mortality were as follows: age > 64 years, bilateral radiographic involvement, delay in diagnosis, inappropriate empirical treatment, Simplified Acute Physiology Score (SAPS) II > 25, and requirement for mechanical ventilation (MV). SAPS II > 25 (odds ratio [OR], 16; 95% confidence interval, 1 to 260) and MV requirement (OR, 50; 95% confidence interval, 2 to 360) were also significant on multivariate analysis. Pulmonary infections were associated with an increase in the concentration of relevant inflammatory cytokines such as tumor necrosis factor-␣ and interleukin-6 both in serum and BAL. This local and systemic inflammatory response was attenuated when compared with the response observed in patients with pulmonary infections but without glucocorticoid treatment or receiving glucocorticoids for a short period of time (< 9 days). Conclusions: Pulmonary infiltrates in patients receiving LTGCT are often caused by fungi and Gram-positive cocci, and are associated with attenuated local and systemic inflammatory response. Although in most cases, sputum cultures and bronchoscopic techniques are diagnostic, the associated mortality is high, particularly in those requiring MV.
T
he clinical use of glucocorticoids and other immunosuppressive therapies has expanded over the last years. The good results obtained with transplant techniques and the increase in the number of potential candidates requiring immunomodulative therapy to treat different chronic diseases may partially explain the extended use of these drugs. 1 Glucocorticoids exert a decisive influence in the immune function of macrophages and granulocytes, the two major immunoregulatory cells in host defenses against opportunistic and bacterial infections. 1 Other immunosuppressive drugs such as cyclophosphamide or azathioprine reduce the circulating pool of mononuclear phagocytes. 2 As a consequence, one might expect patients receiving long-term immunosuppressive therapy to have depressed resistance to a wide variety of infective agents, as it has been shown in different investigations in animals. 3 Numerous reports of opportunistic pulmonary infections (mainly by Pneumocystis carinii and Aspergillus spp) have been described in patients receiving glucocorticoids. 4 -9 However, there are no prospective studies evaluating the etiology, clinical characteristics, and prognostic factors for pulmonary complications in these patients.
In pulmonary infections, the release of cytokines and other inflammatory molecules is an important mechanism in the elimination of invading pathogens. 10 However, excessive release can be harmful to the host. 11 It has been speculated that adequate modulation of inflammatory response is essential in the evolution of lung infection. Corticosteroids inhibit the transcription of several cytokines that are relevant to inflammatory conditions including interleukin (IL)-1, IL-6, IL-8, and tumor necrosis factor (TNF)-␣, and thus have the potential to modulate the inflammatory response of the lung. [12] [13] [14] Preliminary findings have pointed toward an attenuation of the inflammatory response in nonimmunocompromised patients with pneumonia treated with glucocorticoids for a short period of time. 15 To our knowledge, there are no studies evaluating lung inflammatory response in patients with pulmonary complications receiving long-term glucocorticoid treatment (LTGCT). It is not known whether this inflammatory response depends on the dose/duration of glucocorticoids treatment or if it is related to the etiology or outcome of the pulmonary complication.
The aims of the present study were as follows: (1) to determine the etiology, clinical characteristics, and prognostic factors for pulmonary complications in patients receiving LTGCT; and (2) to evaluate local (lung) and systemic (serum) inflammatory response and their potential relationship with the dose/ duration of glucocorticoid treatment and with the severity and outcome of the pulmonary complication.
Materials and Methods

Patients
The study included 33 patients (23 patients with different connective tissue disorders and 10 patients with chronic pulmonary disorders) treated chronically with prednisone. Inclusion criteria required current treatment at a dosage Ͼ 30 mg/d for Ͼ 30 days (LTGCT). Fifteen patients were also receiving another immunosuppressive agent. Clinical, biochemical, and radiographic variables were recorded when symptoms/signs of pulmonary complication were first noticed, with the Simplified Acute Physiology Score (SAPS) II also being calculated. 16 To evaluate inflammatory response in LTGCT patients, different cytokines were measured in the BAL fluid and serum and were compared with those obtained in a previously described group of patients with pneumonia requiring mechanical ventilation (MV) who received non-glucocorticoid treatment (NGCT) and in patients with pneumonia requiring MV who received short-term glucocorticoid treatment (STGCT). 15 The control group included nine nonsmoking subjects without respiratory disease who underwent bronchoscopy and gave informed consent to complete the examination with BAL.
Diagnostic Procedures
After identification of the pulmonary infiltrates, blood and spontaneous or induced-sputum samples were drawn for culture. A Gram stain was performed to assess the quality of the sputum. 17 Bronchoscopy was performed in patients in whom an etiologic diagnosis was not obtained by noninvasive methods and/or there was no clinical or radiographic improvement despite broad-spectrum antimicrobial therapy. The bronchoscopic procedures included protected specimen brush (PSB), bronchial aspirate (BAS), and BAL. The bronchoscope was passed transnasally or transorally into the trachea after topical nasal anesthesia was instilled. BAL was carried out with 150 mL of sterile saline solution in three aliquots (50 mL each) in the involved lobe in patients with localized pulmonary infiltrates, and in the middle lobe or lingula in patients with diffuse pulmonary infiltrates.
Other diagnostic techniques such as transbronchial and bronchial biopsies were carried out in selected patients. Although the primary intention was to perform all the above-referred diagnostic procedures in all patients, the ultimate decision regarding the diagnostic procedures to be performed was conditioned by the patient's clinical status and the criteria of the physician in charge.
The ethics committee of the hospital approved the study protocol. Informed consent was obtained from the patients referred for a bronchoscopic exploration.
Definitions
The following definitions were taken from Rano et al. 18 Pulmonary Comorbidity: Long-term impairment of pulmonary function and/or presence of chronic radiographic involvement.
Etiology of the Pulmonary Infiltrates: Bacterial pneumonia was diagnosed following the accepted clinical criteria and whenever blood or sputum samples grew pathogenic bacteria. Similarly, when a quantitative bacterial culture from BAS, BAL, or PSB specimens grew Ͼ 10 5 , 10 4 , or 10 3 cfu/mL, respectively, the diagnosis of bacterial pneumonia was established. Viruses were considered to be pathogens if they were isolated by cell culture from BAL specimens. P carinii pneumonia was diagnosed by a positive Gomori methenamine silver stain. The identification of Legionella spp and mycobacteria was accepted as a definite diagnosis regardless of colony counts. Fungal pneumonia was diagnosed in the presence of a compatible clinical and radiographic pattern if fungal hyphae were identified by culture or by cytologic evaluation of a Gram stain in at least two different respiratory samples, or when there was histologic evidence for fungal pneumonia or positive blood culture results. 19 Pulmonary infection was considered nosocomial (in-hospital) on appearance after 72 h of hospital admission. Noninfectious pulmonary infiltrates were considered when clinical data did not suggest an infectious etiology, no microbiological agents were isolated in any processed sample, and the clinical course and response to treatment were in accordance with an alternative noninfectious etiology.
Inadequate Empirical Treatment: Empirical treatment administered that does not specifically cover the particular etiologies of the pulmonary infiltrates.
Diagnosis Delay: The period of time between the day the pulmonary infiltrates were first demonstrated and the day that results of the diagnostic procedure were available.
Mortality: In-hospital death.
Inflammatory Response
TNF-␣, IL-1, IL-6, IL-8, and IL-10 levels were measured in BAL supernatant and serum using enzyme-linked immunosorbent assay based on the quantitative immunometric sandwich enzyme immunoassay technique (Enzyme Amplified Sensitivity Immunoassay; Medgenix Diagnostics; Fleurus, Belgium) and PerSeptive (Framingham, MA). The following values were regarded as the upper limits for cytokine serum concentrations in normal control subjects in our laboratory: TNF-␣, 20 pg/mL; IL-1, 15 pg/mL; and IL-6, 5 pg/mL. 20 Total and differential cell count of the BAL fluid was also performed as described elsewhere. 20 Plasma C-reactive protein (CRP) levels were measured on day 1 and day 4 by means of immunonephrometry.
Statistical Analysis
Results are expressed as mean Ϯ SD or as median (range) when appropriate. The influence of several variables on mortality was evaluated by univariate analysis using the 2 test. Thereafter, a multiple logistical regression model was applied to the variables found to be significantly associated with death (p Ͻ 0.01) to estimate the odds ratio (OR) and the 95% confidence interval. The Mann-Whitney U test was employed for the comparison of quantitative variables between two groups and the Kruskal-Wallis test for the comparison among the groups. A p value Ͻ 0.05 was considered statistically significant.
Results
Clinical Characteristics of the Population
The clinical characteristics and demographic data of the 33 patients evaluated are shown in Table 1 . Seventeen patients (51%) had pulmonary comorbidity: COPD (n ϭ 4), chronic asthma (n ϭ 3), idiopathic pulmonary fibrosis (n ϭ 3), and different connective tissue disorders (n ϭ 7). Patients with chronic asthma and COPD were receiving glucocorticoids for pulmonary disease. All patients with idiopathic pulmonary fibrosis and patients with connective tissue disorders were receiving LTGCT for the management of the diffuse interstitial involvement of the lungs. Only three patients were current smokers. Almost all the patients presented with fever (31 of 33 patients, 94%). No patient had neutropenia (neutrophil count Ͻ 1 ϫ 10 9 /L). Three patients were already receiving antibiotic treatment (antibacterial) when the pulmonary infiltrate was first detected. No patients were receiving P carinii chemoprophylaxis. Twenty-two patients (67%) were admitted to the ICU because of acute respiratory failure, and 18 patients (55%) required MV.
All patients showed abnormalities on chest radiography. The infiltrates were focal in 17 cases (51%) and diffuse in 16 cases (49%). In five cases, the infiltrates were cavitated (two cases of Aspergillus spp, one case of Mycobacterium tuberculosis, one Staphylococcus spp, and one Pseudomonas aeruginosa), and in one case adopted nodular configuration (Nocardia asteroides).
Etiology and Diagnosis of the Pulmonary Infiltrates
Overall, a definite etiology could be established during lifetime in 28 cases (85%) and 1 case by necropsy, being of infectious origin in 28 cases (85%) and noninfectious in 1 case (3%). Four patients (12%) remained without a diagnosis (Table 2 ). In 11 cases, the infection was community acquired and in 17 cases was nosocomial. Bacteria (particularly Staphylococcus spp; n ϭ 13, 36%) and fungi (particularly Aspergillus spp; n ϭ 12, 33%) were the most common microorganisms causing pulmonary infiltrates. Interestingly, symptoms of pulmonary infection were present for Ͼ 7 days in 58% of the patients with fungal pneumonia and in only 20% of the patients with bacterial pneumonia ( 2 , p Ͻ 0.001). No differences regarding the etiology were observed between patients treated with glucocorticoids and those treated with glucocorticoids and other immunosuppressive drugs (Table 3 ). The diagnostic yield of the different procedures used is summarized in Table 4 . Sputum conferred the diagnosis in 53% of the episodes (mainly bacteria and fungi). Seven of the 10 positive sputum culture findings (70%) were further confirmed by bronchoscopic techniques. Of the bronchoscopic techniques, BAS achieved a specific diagnosis in 75% of the episodes while PSB did so in only 33% of the cases. Moreover, BAS and/or BAL also isolated five of the six causative microorganisms identified by PSB. A specific diagnosis was 
Outcome and Prognostic Factors
Crude mortality was 45% (15 of 33 patients). Six of the 13 variables included in the univariate analysis were associated with increased mortality (Table 5 ). The variables analyzed were those selected as potential predictors of outcome in this population according to the literature. [21] [22] [23] [24] Older patients showed a higher mortality. Variables reflecting the severity of the disease, such as MV requirement, SAPS II Ն 25, and the presence of bilateral infiltrates on chest radiography, had decisive influence on mortality. Requirement of MV had the strongest association with mortality since 93% of these patients died (14 of 15 patients), contrary to only 6% of patients not receiving MV (1 of 15 patients; p Ͻ 0.0001). Finally, variables amenable to potential medical intervention that were associated with poor outcome were a delay in establishing the diagnosis of Ͼ 9 days (median value for the delay in establishing the diagnosis of the overall population) since the beginning of the pulmonary process, and inadequate empirical treatment.
In order to ascertain whether the existence of previous pulmonary damage may influence the characteristics and outcome of the pulmonary complication, we analyzed separately patients with and without pulmonary comorbidity. Thus, the 17 patients with pulmonary comorbidity (mean spirometric values: FVC, 64%; FEV 1 , 54%; FEV 1 /FVC, 84%; and diffusion capacity of the lung for carbon monoxide, 49%) [4 patients with COPD, 3 patients with chronic asthma, 3 patients with idiopathic pulmonary fibrosis, 2 patients with scleroderma, 2 patients with rheumatoid arthritis, and one case each of Sjö gren syndrome, systemic lupus erythematosus, and Horton disease] were contrasted with the 16 patients with no apparent pulmonary involvement (no respiratory symptoms, normal chest radiographic findings, and normal pulmonary function test results when available). Patients with pulmonary comorbidity were older (69 Ϯ 11 years vs 58 Ϯ 15 years, p ϭ 0.032) and had lower creatinine levels (1.3 Ϯ 1 mg/dL vs 3.1 Ϯ 3.4 mg/dL, p ϭ 0.04) than patients without apparent lung disease. No differences were observed between these two groups regarding the cumulative dose of glucocorticoids, Pao 2 /fraction of inspired oxygen (Fio 2 ), radiographic pattern, delay in establishing a specific diagnosis, severity (SAPS II), or outcome of the pulmonary complication. Similarly, the distribution of immunosuppressive drugs other than glucocorticoids between the two groups was alike (Table 1) , and there was no difference in mortality between patients receiving glucocorticoids and those receiving glucocorticoids plus other immunosuppressive agents. After a multivariate statistical approach, SAPS II Ն 25 and MV requirement were the dominant independent variables significantly predicting mortality. Inadequacy of empirical antibiotic treatment was also included in the multivariate model but did not reach statistical significance at the 0.05 level (p Ͻ 0.09).
Pulmonary Inflammatory Response
We were able to obtain BAL samples for differential cell counts and cytokine level determinations in 13 of the 33 patients evaluated. No differences were observed in the clinical variables or the etiology and severity of the pulmonary complication among these 13 patients and the 20 subjects in whom BAL was not available (data not shown). The etiology of the pulmonary infiltrates in those 13 patients with BAL cytokine determinations were as follows: bacterial pneumonia in six cases, fungal pneumonia in two cases, P carinii pneumonia in two cases, and one each of viral pneumonia, pulmonary tuberculosis, and nondiagnostic infiltrates. Patients receiving LTGCT showed an increase in BAL neutrophil percentage and significantly higher levels of TNF-␣, IL-8, and IL-6 compared with healthy control subjects (Table 7) . Five of the 13 patients in whom BAL cytokine levels were available died as a result of the pulmonary infection. No differences were observed in the different cytokines levels between patients with and without pulmonary comorbidity or between survivors and nonsurvivors (data not shown). BAL cytokine levels of these 13 patients with pneumonia were compared with two different groups of patients with pneumonia that have been previously described. 15 The first group consisted of patients with pneumonia receiving MV requiring glucocorticoids for bronchial dilatation (STGCT) for a period of 9 Ϯ 7 days. The second group consisted of patients with pneumonia receiving MV and NGCT (Table  7) . 15 As shown in Table 7 , the three groups of patients evaluated were of a similar age but the dose and duration of glucocorticoid treatment differed substantially. For the patients requiring MV (six patients in the LTGCT group), the severity of the pulmonary complication measured by the Pao 2 /Fio 2 ratio, SAPS II, and the number of days requiring MV was similar.
When we compared BAL cytokine levels in the three groups of patients with pneumonia receiving different doses of glucocorticoids (Table 8) , we observed that the percentage of neutrophils in BAL and the levels of TNF-␣ and IL-6 differed significantly. Patients receiving high doses of GC for extended periods of time (LTGCT) showed the lowest pulmonary inflammatory response, while patients receiving NGCT had the highest inflammatory response. Patients receiving STGCT had an intermediate inflammatory response (Fig 1) .
Systemic Inflammatory Response
Serum values of TNF-␣, IL-1␤, and IL-6 were determined in 13 patients receiving LTGCT the day pulmonary infiltrates were first detected. Similarly, serum CRP was measured the first day and 4 days later. As a group, LTGCT patients showed moderate systemic inflammatory response, with most of the plasma mediators (except IL-1) having median values above the upper limit of normality (Table 6) . Thus, 9 patients (75%) and 11 patients (88%) had increased serum values of TNF-␣ and IL-6, respectively. There was no difference in serum cytokine levels between survivors and nonsurvivors, and poor correlations were observed between serum and BAL cytokine levels.
Patients receiving LTGCT had increased levels of CRP in serum on day 1, with a marked decrease on day 4 (Table 8 ). Interestingly, there was no difference in serum CRP values between survivors and nonsurvivors on day 1 (15.7 Ϯ 16 mg/dL vs 15.2 Ϯ 2 mg/dL, respectively); however, in patients who died (n ϭ 5), CRP levels remained high on day 4 (14 Ϯ 11 mg/dL) while in patients who survived (n ϭ 8), this value tended to normalize (3.8
When the three groups of patients receiving different doses of glucocorticoids were compared, we observed that IL-6 and CRP levels in serum showed the same trend as BAL cytokines: patients in the LTGCT group had the lowest systemic inflammatory response, while patients in the NGCT group had the highest inflammatory response. Patients receiving low doses of glucocorticoids had intermediate values (Fig 1) . Interestingly, and as can be seen in Table 7 , patients receiving low doses of glucocorticoids (and 15 ‡Comparison between all patients of LTGCT group (n ϭ 13) with STGCT and NGCT. Table 8 with an intermediate pulmonary inflammatory response) demonstrated the lowest mortality.
Discussion
The present study shows the following in patients receiving high doses of glucocorticoids for prolonged periods of time: (1) the vast majority of the pulmonary complications are due to infections, mainly by fungi (particularly Aspergillus spp) and bacteria (particularly Staphylococcus spp); (2) pulmonary infections carry a poor prognosis with a 50% mortality, and variables associated with mortality are MV requirement, a high SAPS II, and inadequate empirical antibiotic treatment; (3) pulmonary infections are associated with local and systemic inflammatory response reflected by a slight increase in the levels of relevant cytokines in serum and BAL, and by moderate increases in serum CRP; and (4) inflammatory response seems to be attenuated compared with that observed in patients not receiving glucocorticoids. Patients receiving glucocorticoids for a short period of time show intermediate lung inflammatory response. Table 3 for expansion of abbreviation.
Etiology and Diagnosis
Although different reports have pointed toward an increase in the incidence of different opportunistic infections of the lung, particularly P carinii and Aspergillus spp, 4 -7 to our knowledge, this is the first report prospectively evaluating the etiology and clinical characteristics of pulmonary infiltrates in patients receiving glucocorticoids chronically. The results of the present study demonstrate that fungi (particularly Aspergillus spp) are the most frequent microorganisms causing pulmonary infiltrates in these patients. Interestingly, bacterial infections were almost as prevalent as fungal infections, and particularly S aureus constituted the most common bacteria isolated. These findings are remarkable since, classically, LTGCT has not been considered as a risk factor for Staphylococcus pneumonia. 25 Animal studies have shown that the risk of infection due to glucocorticoids is both dose dependent and time dependent. 2 In this sense, the relatively high dose received in the population studied may have caused a profound impairment in immunity and may justify the myriad of microorganisms isolated. Chemoprophylaxis for P carinii has been claimed for patients receiving high doses of glucocorticoids. 26 Although in the present series only two patients had an episode of pneumonia by this microorganism, both died as a result of this infection, reinforcing the potential benefits of the chemoprophylaxis. Despite the lack of differences in the clinical characteristics among the different etiologies, patients with fungal pneumonia had a longer period of symptoms before seeking medical attention compared to bacterial infections.
The present study confirms our previous findings in a larger group of immunosuppressed patients using different diagnostic tools. 18 Bronchoscopic techniques and particularly BAS and BAL have the highest diagnostic yield, while PSB does not seem to provide any additional diagnostic information. Sputum culture is a simple noninvasive technique that provides an specific diagnosis in more than one half of the cases and must be taken into account as a first step in the diagnostic approach of these patients.
Outcome and Prognostic Factors
The present study demonstrates that the mortality of pulmonary infection in patients receiving LTGCT is high (50%) and similar to that observed in patients with other types of immunosuppressive conditions. 18 Different variables related to the severity of pulmonary infection had prognostic significance. In particular, MV requirement was a predictive factor of mortality with an OR of 50, confirming this variable as the most determinant in relation to mortality in different groups of immunocompromised patients. 18, 21 The prognostic value of the SAPS II has already been demonstrated in nonimmunocompromised patients with pneumonia, 16 and the present study confirms its utility in patients receiving LTGCT. Although statistical significance was not achieved at the 0.05 level on multivariate analysis (due in part to the small number of patients evaluated), the inadequacy of the empiric antibiotic treatment is a relevant prognostic variable since it is amenable to clinical intervention. 27 Based on the high number of cases (58%) in which the empirical treatment did not cover the etiologic agent, and on the associated mortality, antibiotics covering fungi, Staphylococcus, and P aeruginosa should be used as first-line antibiotic treatment. The implications of excessive delay in establishing a specific diagnosis (significant on univariate analysis), and the high diagnostic yield of BAS and BAL suggest that bronchoscopy evaluation should be carried out promptly once pulmonary infiltrates have been identified. 18 
Pulmonary and Systemic Inflammatory Response
The present study shows that pneumonia in patients receiving LTGCT is associated with a pulmonary inflammatory response reflected by significant increases of relevant proinflammatory cytokines in BAL such as IL-8, TNF-␣, and IL-6. Interestingly, the comparison of levels of proinflammatory cytokines in BAL and serum among patients receiving different doses of glucocorticoids showed that local and systemic inflammatory response are markedly decreased in patients receiving LTGCT compared with patients not receiving glucocorticoids. The acute administration of glucocorticoids seems to have an intermediate effect on the intensity of inflammatory response (Fig 1) . A potential drawback of the comparison between these three groups is that not all the patients receiving LTGCT were receiving MV. Since there is some evidence that MV could initiate or propagate a systemic inflammatory response, 28 we performed a separate analysis comparing cytokine levels in patients receiving LTGCT with (n ϭ 6) or without (n ϭ 7) MV requirement. No significant differences were observed for any of the cytokines evaluated (data not shown). Accordingly, we considered all the population (n ϭ 13) for comparison with STGCT and NGCT groups.
Although it is known that glucocorticoids inhibits the expression and action of most inflammatory cytokines, the clinical significance of this effect is controversial. In the present series, serum and BAL levels of the different inflammatory cytokines evaluated had no prognostic significance (probably due to the relatively small number of patients studied). However, the mortality in the group of patients receiving glucocorticoids (showing minimal local and systemic inflammatory response) was similar to that observed in patients not receiving glucocorticoids (with marked inflammatory response). Remarkably, patients receiving STGCT showed an attenuated inflammatory response (but not as evident as the group of LTGCT patients) and a better outcome. These results seem to agree with the clinical experience regarding glucocorticoid treatment in patients with septic shock. Thus, although there is no definitive evidence to support the use of glucocorticoids in patients with severe sepsis, 29 the results of different studies suggest that small doses of glucocorticoids over a short period of time attenuate systemic inflammatory response, reduce the duration of shock, and increase survival. 30 In patients with acute pneumonia, the adjunctive use of glucocorticoids has an antipyretic effect and can accelerate symptomatic relief, but does not seem to influence survival. 31 Whether small doses of glucocorticoids may improve survival in acute pneumonia must be evaluated in future studies.
Serum levels of CRP were also lower in patients receiving LTGCT. Interestingly, although serum levels of CRP on day 1 had no prognostic value, the persistence of elevated levels of this acute phase protein on day 4 reflected a poor outcome. This finding confirms previous reports showing that persistently high or rising CRP levels in patients with pneumonia is a good clinical marker of treatment failure. 32 Although the results of the present study must clearly be confirmed in properly designed studies with a larger number of patients, they suggest that profound attenuation of the inflammatory response secondary to LTGCT may be as harmful as an exaggerated production of inflammatory cytokines. Of critical importance in the design of futures studies is to attempt to elucidate not only which patients can potentially benefit from glucocorticoids but also what optimal dose and duration of glucocorticoid treatment are necessary to create an appropriate balance between the beneficial and harmful effects of the inflammatory response.
The following limitations have to be considered for the interpretation of the results. First, the study is based on a third-level hospital population and consequently does not necessarily reflects the whole population receiving LTGCT. Besides, although this was a prospective multidisciplinary study including all patients with pulmonary complications, we cannot definitively rule out that some "benign" cases with a rapid response to a specific treatment were not included, biasing the study to a more severe population. Second, the studied population was rather heterogeneous. Half of them were receiving an additional immunosuppressive regime or had previous pulmonary involvement. Although neither of these two characteristics seemed to have a significant influence in terms of outcome or inflammatory response, we cannot definitively rule out that a different level of immunosuppression may have had some influence in the development of a particular pulmonary complication and outcome or in the BAL cytokine levels. Finally, although the number of patients included is small, this is the first attempt to prospectively evaluate a particular group of immunocompromised patients. We believe that the information provided is remarkable from a clinical point of view and may constitute the rationale for new, properly designed protocols.
In summary, pneumonia in patients receiving LTGCT is mainly due to Aspergillus, Staphylococcus spp, and Gram-negative bacilli., and it carries a high mortality, particularly in patients requiring MV. Empirical treatment should include antibiotics covering these microorganisms. An early bronchoscopic investigation can achieve a specific diagnosis in a high number of cases and may help in deciding on a specific treatment. Pneumonia in patients receiving LTGCT is associated with local and systemic inflammatory response reflected by an increase in BAL and serum levels of relevant cytokines. This inflammatory response seems to be attenuated compared with that observed in patients receiving STGCT or NCGT. The implications of this attenuated inflammatory response in the outcome of pneumonia must be evaluated in properly designed studies.
